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(57) ABSTRACT

An apparatus, system, and method for momitoring vibration
using a self-powered vibration sensor, a programmable inter-
active device, and a remote server. The self-powered sensor 1s
capable of transforming vibrations into equivalent RF pulses,
which are recorded and manipulated by the programmable
interactive device. The programmable interactive device
communicates the RF pulses to the remote server for further
analysis, processing, and feedback. These interactions result
in an objective monitoring of the vibration, which provides
corrective feedback for beneficial transformation of behavior.
The corrective feedback may be provided on a programmable
interactive device such as a mobile phone, PDA, etc.
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1
SELF-POWERED VIBRATION SENSOR

BACKGROUND

1. Technical Field

The embodiments herein relate generally to vibration
monitoring and, more particularly, to a vibration monitoring,
and feedback system for behavior modification of a user.

2. Background

Vibration monitoring has long been used in industrial
applications to monitor equipment for safety purposes. In
such industrial applications, the equipment 1s understood to
follow a standardized behavior pattern. The monitoring and
security settings of the equipment are generally pre-defined
and constant. Moreover, such applications do not typically
require complex analysis of the effects of vibration on the
equipment.

Recently, vibration monitoring has found a number of
complex applications in the healthcare industry and other
industries. In the healthcare industry, vibration monitoring
and measurement may be used for obesity management,
behavior analysis, and fitness training. The mdustry has rec-
ognized that vibration monitoring and measurement are very
much appreciated for beneficial modification of biorhythmic
activity and behavior.

In order to keep a record of activity, which may further
provide an input for behavior modification, devices such as
pedometers have been used. However, pedometers may have
numerous mechanical and functional limitations. For
example, 1n some applications, only certain movements such
as walking may be counted using pedometers. Therefore, this
does not provide a practical objective measurement ol user
actvity.

Various advanced vibration monitoring devices may be
used for better measurement of user activity. However, accel-
crometers and vibration monitoring devices commonly used
in many applications may be expensive and complex. Further,
in applications requiring numerous such devices the cost of
application may become prohibitively high. Moreover, spe-
cialized power management systems may further make such
implementations overly complex.

Therefore, there 1s a requirement of an accurate, yet cost-
clfective system for monitoring user activity. Further, a
device that may function in conjunction with a monitoring
and feedback system to closely monitor and help the user
modily behavior patterns 1s required. Additionally, a person-
alized monitoring of user to provide a customized feedback 1s
required.

SUMMARY

The embodiments herein provide a system, apparatus, and
method for monitoring vibration for behavior modification of
a user. In one embodiment, a seli-powered sensor 1s capable
of transforming vibrations into equivalent radio frequency
(RF) pulses, which are recorded and manipulated by the
programmable interactive device. The programmable inter-
active device communicates the RF pulses to the remote
server for further analysis, processing, and feedback. These
interactions result 1 objective momtoring of the vibration,
which provides appropriate feedback for beneficial transfor-
mation of behavior.

The self-powered vibration sensor may be calibrated based
on a comparison with reference data obtained from a known
reference caloric measurement device such as a treadmaill. In
another embodiment, a plurality of self-powered vibration
sensors may be itegrated to form a network of sensor devices
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to communicate and interact simultaneously with the pro-
grammable interactive device.

Moreover, the embodiments herein provide an accurate
and personalized vibration monitoring and customized feed-
back for improved behavior modification. The method thus
provides a user with feedback on his behavior based on his
latest user profile. The feedback may be made available to the
user in the form of multimedia.

The self-powered aspect of the embodiments herein
enables the implanting of the sensor in the user for long
durations without requiring recharging of the battery or the
removal and replacement of the sensor for battery mainte-
nance. Additionally, the self-powered vibration sensor may
be used to charge any other chargeable device. The feedback
which may be provided 1n the form of reports updates the user
on information on caloric burn, caloric intake, activity dura-
tion and the like.

These and other aspects of the embodiments herein will be
better appreciated and understood when considered 1n con-
junction with the following description and the accompany-
ing drawings. It should be understood, however, that the fol-
lowing descriptions, while indicating preferred embodiments
and numerous specific details thereol, are given by way of
illustration and not of limitation. Many changes and modifi-
cations may be made within the scope of the embodiments
herein without departing from the spint thereof, and the
embodiments herein include all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments herein will be better understood from
the following detailed description with reference to the draw-
ings, in which:

FIG. 1 15 a block diagram illustrating an automatic vibra-
tion monitoring and feedback system according to an
embodiment herein;

FIG. 2 1s a block diagram of a self-powered vibration
sensor according to an embodiment herein; and

FIG. 3 1s illustrates the method of automatic vibration
monitoring and feedback according to an embodiment herein.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments herein and the various features and
advantageous details thereol are explained more fully with
reference to the non-limiting embodiments that are illustrated
in the accompanying drawings and detailed 1n the following
description. Descriptions of well-known components and
processing techniques are omitted so as to not unnecessarily
obscure the embodiments herein. The examples used herein
are intended merely to facilitate an understanding of ways 1n
which the embodiments herein may be practiced and to fur-
ther enable those of skill in the art to practice the embodi-
ments herein. Accordingly, the examples should not be con-
strued as limiting the scope of the embodiments herein.

As mentioned, there remains a need for an accurate, yet
cost-etfective system for monitoring user activity. Further, a
device that may function 1n conjunction with a monitoring
and feedback system to closely monitor and help the user
modily behavior patterns 1s required. Additionally, a person-
alized monitoring of user to provide a customized feedback 1s
required. The embodiments herein achieve this by providing
a system, apparatus and method for monitoring vibration for
behavior modification of user 1s described. In one embodi-
ment, a self-powered sensor 1s capable of transforming vibra-
tions mnto equivalent RF pulses, which are recorded and
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manipulated by the programmable interactive device based
on a user profile that characterizes the user. The program-
mable interactive device communicates the RF pulses to the
remote server for turther analysis, processing, and feedback.
These interactions result in the objective monitoring of the
vibration, which provides appropriate feedback for the ben-
eficial transformation of behavior. One aspect of the embodi-
ments herein may be particularly applied as an device capable
of being implanted 1n the user. Alternatively, the apparatus
may be used as a device capable of being worn or carried by
the user. In another embodiment, several sensors may be
integrated to form a network of sensor devices to measure the
vibration of different parts of the body simultaneously. These
measurements may be used to develop a pattern of motion.
The measurements and feedback provides a more detailed
and richer information set about the activity being monitored.

Referring now to the drawings, and more particularly to
FIGS. 1 through 3, where similar reference characters denote
corresponding features consistently throughout the figures,
there are shown preferred embodiments. Reference 1in the
specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, characteristic, or
function described in connection with the embodiment 1s
included 1n at least one aspect of the embodiments herein.
Furthermore, the appearances of the phrase “in one embodi-
ment” 1n various places 1n the specification are not necessarily
all referring to the same embodiment.

FIG. 1 1llustrates a general block diagram of an automatic
vibration monitoring and feedback system 100 according to
an embodiment herein. The system 100 includes a self-pow-
ered vibration sensor 104, which may sense various vibra-
tions relating to the movement of a user (not shown). A
programmable interactive device 106 1s provided to commu-
nicate with the self-powered vibration sensor 104.

The self-powered vibration sensor 104 may be used to
translate vibration into raw data 1n the form of RF pulses. The
RF pulses may then be transterred to the programmable inter-
active device 106 that processes the RF pulses to form mean-
ingful information. In this regard, “meaningiul information™
refers to information associated with the energy consumed by
a user during some physical activity and 1s based on a user
profile established by a user that may include information
pertaining to the physical attributes of the user. Furthermore,
the physical activity may include high-aerobic activities such
as running, but 1t may also include more passive activities
such as merely sitting or sleeping. The programmable inter-
active device 106 may be a mobile phone, a personal digital
assistant (PDA), any other handheld computing network
device, or any other network device.

In one embodiment, a plurality of self-powered vibration
sensors 104 may be used 1n conjunction with one another to
communicate with the programmable interactive device 106.
In this regard, enhanced information on user activity and
motion may be obtained by forming a network of such seli-
powered vibration sensors 104. Further, an objective mea-
surement of the user movement enables better analysis of the
motion.

In processing the raw data obtained by the sensor 104, the
programmable interactive device 106 may utilize a user pro-
f1le that characterizes the user. The programmable interactive
device 106 may be calibrated based on these user interactive
sessions. The interactive sessions are programmed to com-
pare the RF pulses with reference data obtained from known
reference caloric measurement devices such as a treadmuill,
etc. The user profile may be updated or modified based on the
progress of the user and the other changes. The maintenance
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ol a user profile enables the personalization of the meaningiul
information that 1s transmaitted.

The meaningful information on a user may be transmitted
to a server 108 for further analysis and feedback. The server
108 may include various applications required to analyze the
meaningiul information. The availability of detailed informa-
tion from a plurality of such sensors 104 enables better feed-
back by the server 108 through the applications present. In
another embodiment various applications may be linked with
the server 108 through an internet network such as the World
Wide Web 1n order to provide feedback based on the mean-
ingiul information obtained.

The system 100 thus allows for personalized information
monitoring and customized feedback to the user. A plurality
of users may be configured to be associated with a server 108.
In another embodiment, the sensor 104, may be attached to a
user’s body, such as the waist area, or the sensor 104 may be
implanted using different techniques such as sealing and
housing in a smooth plastic vessel.

FI1G. 2 further illustrates the self-powered vibration sensor
104 (of FIG. 1). The self-powered vibration sensor 104 1s
operable to convert vibrations into electric current, which
may be used by various applications for further processing.
The self-powered vibration sensor 104 may comprise an
accelerometer 204a as a primary detecting element. The
accelerometer 204a may detect the vibration of the user and
transform the vibrations into equivalent electric current. Vari-
ous types of accelerometers may be used 1 accordance with
the embodiments herein. Preferably, a tri-axial accelerometer
may be used to provide the measurement of vibrations. The
tri-axial accelerometer based sensor 104 1s sensitive to the
acceleration, vibration, and motion along the three coordinate
axes. Moreover, the performance or sensitivity of the sensor
104 remains consistence irrespective of the position where
the sensor 104 1s implanted in the user or worn by the user.

An energy storage device 204b may be provided to store
the electric current produced by the accelerometer 204a. In
one embodiment, the energy storage device 2045 may be
embodied as a capacitor. The energy storage device 2045 may
be provided to have a threshold value, wherein the energy
storage device 2045, upon reaching the threshold value, starts
discharging electric current to an RF transmitter 204d
through a discharging element 204¢. When a capacitoris used
as the energy storage device 2045b, the capacitance of the
capacitor may be selectively chosen such that the discharge of
the current occurs when the threshold value 1s reached. Fur-
ther, the energy storage device 2045 may be adapted to pro-
vide energy 1n the form of electrical current to any other
chargeable device, which may require the energy in ranges of
that produced by the accelerometer 204a. The sensor 104 may
be so configured to provide equivalent information on vibra-
tion 1n such situations.

The timing of discharge may be controlled by the discharg-
ing element 204¢. This provides the functionality of sampling
and amplifying the electric current stored 1n the energy stor-
age device 204H. Moreover, the discharging element 204¢
may be embodied as a gate or a timer, etc. In a gate embodi-
ment, when the energy storage device 2045 1s fully charged,
the gate releases the current to the RF transmitter 2044. In a
timer embodiment, the timer determines intervals at which
the current from the accelerometer 204q 1s sampled, ampli-
fied, and transmitted to the RF transmaitter 2044.

Again, the electric current may be discharged to the RF
transmitter 2044. The RF transmitter 2044 1s configured to
translate electric current into RF pulses for turther analysis,
processing, and manipulation. The translation of electric cur-
rent into RF pulses 1s such that the rate at which RF pulses that
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are produced 1s proportional to the electric current and thus
proportional to the vibrations being measured. This allows for
a simple cost eflective implantable device that can be used for
vibration monitoring without the need for a battery.

The cost of implementing many such devices in conjunc-
tion with one another to provide enhanced detailed informa-
tion on user movement and activity may also be minimal. In
such implementations, the frequency of transmission of RF
pulses may be so decided to characterize the individual sensor
104. Furthermore, the RF transmitter 2044 may be configured
to transmit the RF pulses thereby providing raw data on the
vibrations. The range of transmission required may vary and
may be decided based on the application.

A method of automatic vibration monitoring and feedback
according to the embodiments herein 1s 1llustrated in FIG. 3,
with reference to FIGS. 1 and 2. The method provides for
accurate and personalized vibration monitoring and custom-
1zed feedback for improved behavior modification. The
method may comprise detecting (301) vibration by a sensor
104 adapted to be associated with the user. The sensor 104
may be implantable. Alternatively, the sensor 104 may be
wearable (1.e., worn) by the user.

The raw data obtained by the sensors 104 may be used for
turther processing by communicating (303) the raw data to a
programmable interactive device 106. The programmable
interactive device 106 for such purposes may be a mobile
phone, a PDA, etc. The programmable interactive device 106
may be adapted to recerve the raw data from the sensor 104. In
another embodiment, the raw data from a plurality of sensors
104 may be communicated to the programmable interactive
device 106.

Processing (305) of the raw data to provide meaningiul
information on energy consumed by the user as a result of
physical activity and further based on a user profile may be
undertaken at the programmable interactive device 106. Such
a user profile may be built based on user interactive calibra-
tion sessions. This enables personalized information on user
activity to be made available 1n the programmable interactive
device 106. Further, such calibration sessions are configured
to compare the meaningful information with reference data
obtained from a known relference caloric measurement
device. This ensures correctness and verification of user inter-
active calibration sessions. Additionally, the method also
allows for modified user profile maintenance based on the
improvements and changes taking place 1n the user. Such a
user profile, thus, characterizes the user with the periodic
updates to include the latest changes.

Analysis of the meamngiul immformation may occur by
communicating (307) the meamingiul information to a server
108, which may be located in a remote location. The server
108 may be configured to analyze and process the meaningftul
information obtained from the programmable interactive
device 106. Moreover, customized feedback to the user may
be provided by the applications attached to the server 108.
The personalized information of the users obtained enables
the server 108 to provide accurate information to the appli-
cations for better feedback.

The user may be updated on his/her progress by receiving,
(309) feedback from the remote server 108 based on the
meaningful information at the programmable interactive
device 106. Thus, the method provides a user with the feed-
back on his behavior based on his latest user profile. The
teedback may be made available to the user 1n the form of
multimedia. Accordingly, an interface (not shown) for such
purposes may be provided in the programmable interactive
device 106. Also, the feedback may be made available 1n the
form of text that a user may read and adhere to.
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The embodiments herein provide a system 100 for better
vibration and activity monitoring. The sensor 104 provided
by the embodiments herein 1s sensitive to the acceleration,
vibration, and motion along the three coordinate axes instead
of one or two axes. Moreover, the performance or sensitivity
of the sensor 104 remains consistent irrespective of the wear-
able or implantable position of the sensor 104 1n/on the user’s
body. The seli-powered aspect of the sensor 104 enables the
implantation of the sensor 104 in the user’s body for long
durations without requiring recharging of a battery or
removal and replacement of the sensor 104 for battery main-
tenance. Additionally, the self-powered vibration sensor 104
may be used to charge any other chargeable device.

The embodiments herein provide the user with accurate,
virtually instantaneous and continuing feedback on their cur-
rent level of activity through a feedback technique. Use of the
teedback output in the embodiments herein has been found to
offer a clear indication of current activity levels and mainte-
nance of a desired level of activity performance. In addition,
an alternate embodiment provides a longer time period of data
accumulation for a more cumulative indication of a user’s
prolonged activity level.

The adjustable features of the embodiments herein further

provide continual flexibility and “feedback training”. The
“training’”’ takes 1nto account user activity improvements and
increases in the user’s endurance. In yet another embodiment,
the feedback may alternatively retlect a sensed level of activ-
ity 1ncrease, or acceleration, by changing the character of the
teedback with increases 1n activity levels.
The foregoing description of the specific embodiments will
so Tully reveal the general nature of the embodiments herein
that others can, by applying current knowledge, readily
modily and/or adapt for various applications such specific
embodiments without departing from the generic concept,
and, therefore, such adaptations and modifications should and
are intended to be comprehended within the meaning and
range of equivalents of the disclosed embodiments. It is to be
understood that the phraseology or terminology employed
herein 1s for the purpose of description and not of limitation.
Therefore, while the embodiments herein have been
described 1n terms of preferred embodiments, those skilled 1n
the art will recognize that the embodiments herein can be
practiced with modification within the spirit and scope of the
appended claims.

What 1s claimed 1s:

1. An automatic vibration monitoring and feedback system
comprising;

a self-powered vibration sensor that detects vibrations of a
user, produces a plurality of radio frequency (RF) pulses
at a rate that 1s directly proportional to the detected
vibration, and transmits said RF pulses, wherein said
self-powered vibration sensor comprises a non-battery
component comprising an accelerometer that detects
vibration and converts the detected wvibration 1nto
equivalent electric current, wherein said vibration com-
prises of acceleration and motion across three coordi-
nate axes;

a programmable 1nteractive device in wireless communi-
cation with said self-powered vibration sensor, wherein
said programmable interactive device receives said RF
pulses from said vibration sensor and converts said RF
pulses into meaningful information, wherein said mean-
ingiul information 1s associated with energy consumed
by said user based on a user profile that 1s periodically
modified; and

a server that 1s remotely linked to said programmable inter-
active device, wherein said server comprises computer
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applications that receive said meaningful information
from said programmable interactive device and provide
feedback to said programmable interactive device based
on said meaningful information, wherein said program-
mable interactive device 1s calibrated to build said user
profile based on user interactive calibration sessions,
and wherein said calibration sessions are programmed 1n
said programmable interactive device to compare said
RF pulses with reference data obtained from a known
reference caloric measurement device.

2. The automatic vibration monitoring and feedback sys-
tem of claim 1, wherein said sensor 1s adapted to be worn by
said user.

3. The automatic vibration monitoring and feedback sys-
tem of claim 1, wherein said sensor 1s adapted to be implanted
in said user.

4. The automatic vibration monitoring and feedback sys-
tem of claim 1, wherein said server analyzes and processes
said meaningful information.

5. The automatic vibration monitoring and feedback sys-
tem of claim 1, wherein said feedback is in the form of text.

6. The automatic vibration monitoring and feedback sys-
tem of claim 1, wherein said programmable interactive device
interacts simultaneously with a plurality of said sensors.

7. The automatic vibration monitoring and feedback sys-
tem of claim 1, wherein a plurality of said sensors are inte-
grated to form a network of sensor devices.

8. The automatic vibration monitoring and feedback sys-
tem of claim 1, wherein said accelerometer comprises a tri-
axial accelerometer.

9. The automatic vibration monitoring and feedback sys-
tem of claim 1, further comprising:

an energy storage device operatively connected to said
accelerometer, wherein said energy storage device
stores said electric current;

a RF transmitter operatively connected to said energy stor-
age device and said accelerometer; and

a discharging element operatively connected to said energy
storage device, said accelerometer, and said RF trans-
mitter, wherein said discharging element comprises any
ol a gate and a timer.

10. The automatic vibration monitoring and feedback sys-
tem of claim 9, wherein said energy storage device comprises
a threshold value, wherein said energy storage device, upon
reaching said threshold value, starts discharging electric cur-
rent to said RF transmitter through said discharging element.

11. The automatic vibration momtoring and feedback sys-
tem of claim 9, wherein said energy storage device comprises
a capacitor, and wherein said timer determines an interval to
sample, amplily and transmit said stored electric current to
said RF transmutter.

12. A self-powered vibration sensor comprising:

anon-battery electromechanical component comprising an
accelerometer that detects vibration and converts the
detected vibration into electric current;

an energy storage device operatively connected to said
accelerometer, wherein said energy storage device
stores said electric current;

a discharging element directly connected to said energy
storage device, wherein said discharging element deter-
mines a time period for discharging said electric current,
and wherein said discharging element comprises any of
a gate and a timer; and

a radio frequency (RF) transmitter operatively connected
to said discharging element, wherein said RF transmaitter
converts said electric current mto RF pulses at a rate
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directly proportional to said electric current, wherein
said sensor recharges a chargeable device operatively
connected to said sensor.

13. The self-powered vibration sensor of claim 12, wherein
said energy storage device comprises a capacitor.

14. The self-powered vibration sensor of claim 12, wherein
said sensor 1s implanted 1n a user.

15. The self-powered vibration sensor of claim 12, wherein
said sensor 1s adapted to be worn by a user.

16. The self-powered vibration sensor of claim 12, wherein
said accelerometer comprises a tri-axial accelerometer.

17. The self-powered vibration sensor of claim 12, wherein
sald energy storage device comprises a threshold wvalue,
wherein said energy storage device, upon reaching said
threshold value, starts discharging electric current to said RF
transmitter through said discharging element.

18. A method for automatic vibration monitoring and feed-
back, said method comprising:

detecting vibration of a user by a sensor that comprises a

non-battery component comprising an accelerometer
that detects vibration and converts the detected vibration
into equivalent electric current, wherein said vibration
comprises of acceleration and motion across three coor-
dinate axes;

wirelessly communicating, from said sensor, raw data

directly proportional to the detected vibration to a pro-
grammable interactive device;

processing said raw data to provide meaningiul informa-

tion, wherein said meaningful information 1s associated
with energy consumed by a user based on a user profile
that 1s periodically modified;

communicating said meaningtul information to a server

comprising computer applications, wherein said server
1s remotely linked to said programmable interactive
device; and

receving, in said programmable interactive device, feed-

back in the form of multimedia from said server based on
said meamngiul information,

wherein said programmable interactive device 1s calibrated

to build said user profile based on user interactive cali-
bration sessions, and

wherein said calibration sessions periodically update said

user profile and are programmed 1n said programmable
interactive device to compare said raw data with refer-
ence data obtained from a known reference caloric mea-
surement device.

19. The method of claim 18, wherein said raw data com-
prises radio frequency (RF) pulses that are produced at a rate
proportional to said detected vibration.

20. The method of claim 19, wherein said programmable
interactive device counts a number of RF pulses.

21. The method of claim 18, wherein said server analyzes
and processes said meaningful information.

22. The method of claim 18, wherein said server provides
feedback and reports to said programmable interactive
device.

23. The method of claim 22, wherein the report provides
information on any of caloric burn, caloric intake, and activity
duration of said user.

24. The method of claim 18, wherein said accelerometer
comprises a tri-axial accelerometer.

25. The method of claim 18, further comprising:

operatively connecting an energy storage device to said

accelerometer, wherein said energy storage device
stores said electric current;

operatively connecting a RF transmitter to said energy

storage device and said accelerometer; and
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operatively connecting a discharging element to said age device, upon reaching said threshold value, starts dis-
energy storage device, said accelerometer, and said RF charging electric current to said RF transmitter through said
transmuitter, wherein said discharging element comprises discharging element.

any of a gate and a timer.
26. The method of claim 25, wherein said energy storage 5
device comprises a threshold value, wherein said energy stor- I I
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